IN this paper, 'which is the concluding one of the series, we are concerned with the fractionation, by means of a neutral electrolyte and electrodialysis, of a few sera which have already been investigated in the ultracentrifuge [McFarlane, 1935, 1, 2, 3]. The particular objects in view have been (1) to investigate the composition of the globulin fractions obtained by a single precipitation with ammonium sulphate; (2) to compare the analytical results of the fractionation procedures with the results of ultracentrifugal analysis of the same serum; and (3) to discover in the case of certain sera whether new molecular types which have been shown to be present are precipitated or remain in solution on half saturation with ammonium sulphate.
IN this paper, 'which is the concluding one of the series, we are concerned with the fractionation, by means of a neutral electrolyte and electrodialysis, of a few sera which have already been investigated in the ultracentrifuge [McFarlane, 1935, 1, 2, 3] . The particular objects in view have been (1) to investigate the composition of the globulin fractions obtained by a single precipitation with ammonium sulphate; (2) to compare the analytical results of the fractionation procedures with the results of ultracentrifugal analysis of the same serum; and (3) to discover in the case of certain sera whether new molecular types which have been shown to be present are precipitated or remain in solution on half saturation with ammonium sulphate.
For several reasons we have relied on ammonium sulphate as protein precipitant. It was advisable to use only one neutral electrolyte in order to be able to compare the results for one serum with those for another. Ammonium sulphate has been the most widely used electrolyte in the past in the fractionation of sera, although sodium sulphate is becoming increasingly used as a result of the work of Howe [1923] . It may be noted, however, that Howe finds the values for the albumin and globulin concentrations in cow sera obtained by a single precipitation with ammonium sulphate to agree with those obtained with sodium sulphate. Wu [1922] obtains the same analytical results with saturated magnesium sulphate as with half-saturated ammonium sulphate. Cullen and Van Slyke [1920] and S0rensen [1925; 1930] and others have used ammonium sulphate extensively in fractionating serum proteins.
It has been show-n [1935, 1] that when horse serum albumin and globulin, prepared by ammonium sulphate fractionation, are mixed together in concentrated solution and the mixture is analysed in the ultracentrifuge, the concentration of the albumin fraction is found to be abnormally high and that of the globulin fraction correspondingly low. These proteins exist in concentrated solution in a form of equilibrium with each other. The same has been shown indirectly to be true for cow and human serum proteins by ultracentrifugal analysis of the concentrated and diluted sera. Since we know very little about the action of ammonium sulphate as a protein precipitant and in view of this difference in the state of the proteins in concentrated and diluted sera, it was decided in the first place to investigate the composition of the globulin precipitates obtained by half saturating a concentrated and a diluted cow serum with ammonium sulphate.
It is not proposed to repeat here the numerous details of the technique of an ultracentrifugal experiment which will be found in the earlier papers referred to. In the following tables we show the concentrations of the various protein fractions in g./100 ml. calculated from measurements of protein refraction inBeit Memorial Research Fellow. ( 1209 ) crement using the values given in Table I of a previous paper [1935, 2] for the specific refraction increments (oc) of the proteins. As already pointed out some of these oc values cannot be regarded as generally established, and our concentration values may therefore be subject to errors. They are the best available oc values and it serves a useful purpose here to record even approximate values for the protein concentrations.
Exp. 1. Total globulins from normal cow and horse sera by precipitation with ammonium sulphate. We employed in this experiment a portion of the cow serum used in Exps.
1-11, and a portion of the horse serum used in Exps. 12, 13, 15 and 16 of a previous paper [1935, 2] . The cow serum was treated in the following ways.
(a) 4 ml. of serum were diluted with 40 ml. of 1 % sodium chloride in a stoppered centrifuge-tube. 44 ml. of saturated ammonium sulphate were then added slowly and with constant shaking. The mixture was left for 2 hours during which time the globulin precipitate settled to the bottom. The tube was then centrifuged until the precipitate was well packed down on the bottom and the supernatant fluid could be poured off completely and the precipitate drained.
This globulin precipitate was dissolved in water and dialysed against 1 % sodium chloride under pressure until equilibrium was reached. The solution (1.0 ml.) was transferred to a small graduated cylinder and the small collodion sac washed out with drops of dialysate which were transferred to the cylinder to make a final volume of 2-2 ml.
Results. (b) To 4 ml. of serum were added slowly and with shaking 4 ml. of saturated ammonium sulphate solution. The mixture was left for 2 hours and then centrifuged. The supernatant fluid was poured off and the precipitate drained and then stirred up with 8 ml. of saturated ammonium sulphate. After one hour the precipitate was again separated by centrifuging, suspended in a little water and dialysed against 1 % sodium chloride. The volume of combined protein solution and washings from the dialysis sac was in this case 3 0 ml.
Results. 
43-4°,
It is thus seen that the difference in the analytical results by these two procedures is very small.
The horse serum was treated as described under method (a) and the results were:
Volume of globulin solution. Table I shows the results of the ultracentrifugal experiments on these three specimens of globulin. Fig. 1 way (exposure taken 116k minutes after reaching full speed). The curves at corresponding times for cow serum globulin precipitated from concentrated and dilute solutions are all closely similar and differ markedly from the curves for horse serum globulin precipitated from dilute solution. In both specimens of cow serum globulin 30-35 % of other molecules (mainly A fraction) are present.
All of this proportion, of course, does not represent albumin which we might hope to recover by repeated fractionation under ideal circumstances because the globulin was examined in concentrated solution. In such circumstances the c concentration of the A fraction in a mixture is greater than corresponds to the albumin added. We have examined concentrated globulin solutions because these afford better possibilities of detecting traces of albumin. Although the horse globulin was examined in more concentrated solution than the two cow globulin preparations the curves (e.g. Fig. 1 b) show the presence of only some 10 % of an A fraction. From our experience with artificial mixtures of horse serum albumin and globulin [1935, 1] in various concentrations we estimate that at least 5 % of "recoverable" albumin is present in this preparation. Similarly, it is probable that some 15-20 % of recoverable albumin is present in both cow globulin preparations.
It is interesting to find so little difference in the two cow globulin preparations. We deduce from this experiment that when ammonium sulphate precipitates globulin from solution it is a matter of little importance whether all the globulin is present with the usual molecular dimensions, or is present, as in native sera, in a low molecular form probably in some way associated with albumin. Presumably, immediately the G fraction is precipitated from a concentrated mixture the equilibrium between A and G fractions results in the production of more G fraction which is precipitated, and this goes on until only albumin remains in the solution.
The preparation of horse serum globulin is surprisingly homogeneous for a single precipitation, in view of the fact that a preparation from another serum [cf. 1935, 1, Fig. 2d] 
25-5 %
The results are shown in Table II and Fig. 2 It appears that some additional factor or factors other than the concentrations of the fractions determine whether ammonium sulphate produces a globulin precipitate which is free from albumin. It is well known that the results of the precipitation analysis of sera vary with the hydrogen ion concentration of the mixture. No doubt this is due to variable quantities of albumin which are precipitated with the globulin. It is also noteworthy in connection with the gross heterogeneity of the above normal human globulin preparations that Roche and Bracco [1934] found much lower molecular weights (103,000) for human globulin than for horse globulin (150,000) by osmotic pressure measurements.
Exp. 3. Serum fractions after drying. We have described previously [1935, 2] the investigation of a human serum which had been dried by the Hardy-Gardner procedure using ether and alcohol at low temperatures. Much work has been done using albumin and globulin preparations obtained from this redissolved powder, and it seemed to us that by repeated fractionation it might be possible to obtain albumin and globulin fractions which were free from the polydisperse matter which we have shown to contaminate the dried serum. A dilute solution of the serum powder was therefore treated with an equal volume of saturated ammonium sulphate and the globulin precipitate separated off and reprecipitated twice from dilute solution. The precipitate was also washed once with half saturated ammonium sulphate solution between each precipitation. The albumin fraction was precipitated three times in all using saturated ammonium sulphate. The albumin and globulin solutions after dialysis against 1 % sodium chloride were examined in the ultracentrifuge and the results are shown in Table III. X in cm. We show in parallel (Table III) the results of an experiment on a recrystallised preparation of horse serum albumin which had been dried by simple evaporation under reduced pressure and then redissolved. The dried albumin, unlike the serum dried with ether and alcohol, did not redissolve completely. The experiment is also not an exact parallel with the earlier one because we have used horse instead of human albumin, and because in one case we are dealing with a dried albumin preparation whereas in the other we are dealing with an albumin fraction from dried whole serum. The results, however, together with the curve of Fig. 3 Exp. 4. Fractions arising in the cataphoresis of normal human serum. We have not obtained by any fractionation process a specimen of human serum albumin comparable in homogeneity with specimens of recrystallised horse serum albumin. Nor have we obtained a specimen of human globulin so nearly homogeneous as the best horse globulin preparations obtained by repeated precipitation [1935, 1] although these are not perfect in this respect. We therefore decided to try the method of transport cataphoresis and in this experiment we used an apparatus described by Theorell [1934] 1. About 100 ml. of fresh serum from a healthy student volunteer were placed in the bend of the special U-tube, the limbs of which are built up of short glass sections. By sliding shutters it is possible to close off the ends of each section without leakage so that each limb becomes subdivided into a number of closed cylindrical compartments and the fluid may be withdrawn from each compartment. Liquid junctions in th6 two limbs between the serum below and a phosphate buffer of the same PH1 (7-21) and conductivity above were carefully made and cataphoretic movement of the serum protein induced in the usual way by means of a high potential applied through silver/silver chloride electrodes. Table IV shows the results of the two experiments, and Fig. 4 a a curve from the albumin experiment from an exposure taken 55 minutes after reaching full speed. The curves show that the albumin contains only very small amounts of globulin, if any. It is the most nearly homogeneous human albumin preparation which we have obtained and suggests that the method of transport cataphoresis has considerable possibilities in the preparation of pure serum albumins where these are not crystallisable. It should be noted in particular from Table IV that the boundary spreading coefficient of the albumin corresponds well with measured and calculated total nl-no is rather high in this case. We conclude from this experiment that the cataphoresis method is on the whole a satisfactory one for fractionating human sera. The object of this experiment was to obtain human albumin and globulin preparations which could be mixed together again and the mixture examined in the centrifuge. We obtained just sufficient of the above solutions to make a mixture of 3.57 g./100 ml. total protein concentration, and we show in Fig. 4 b a curve of this mixture obtained from an exposure taken 55 minutes after reaching full speed. From the curves of this experiment we calculate the albumin/globulin ratio to be 2x9. The ratio of the quantities of albumin to globulin added was 1x3. Even if we regard the globulin preparation as only 80 % monodisperse it is clear that on mixing the two together a considerable shift has occurred in the ratio of the fractions. From this experiment it is deduced that the equilibrium between the fractions in human serum is reversible just as we have shown it to be in the case of horse serum fractions. It is, however, not reversible in one respect. It will be noted that the A curve in Fig. 4 b is quite symmetrical, no signs of an X fraction being detectable. We have noted [1935, 2] the same irreversible change when cow and horse sera are treated with ammonium sulphate. The significance of the phenomenon is obscure.
Exp. 5. Globulin fractions from antidiphtheritic horse serum. It will have been noted in the examination of the total globulins of normal sera that no distinct molecular types exist in these which might correspond to the pseudoglobulin and euglobulin fractions. If these two fractions represent different proteins we must conclude either that the two have the same molecular weight but different chemical constitutions, or that they are produced by the process of electrodialysis which leads to their separation. To investigate this matter we prepared the total globulin from an immune serum ' [1935, 3, Exp. 
%
It may be mentioned here incidentally that antidiphtheritic serum 1 [1935, 3] when subjected to the same analytical procedure gave a globulin proportion of 79.5 %.
The total globulin of serum 2 was centrifuged and Fig. 5a shows the curve of an exposure taken 50 minutes after reaching full speed. It will be seen from this and from the results in Table V that the preparation is nearly homogeneous which is surprising for a single precipitation. We may assume that the proportion of homogeneous globulin in the original serum is slightly less than the analytical figure-say 75 %-on account of traces of albumin in the globulin preparation. Ultracentrifugal analysis of the undiluted serum [1935, 3] showed that exactly equal amounts of A and G fractions were present. This means that -600 625 6 50 6 75 X in cm. Fig. 5a . used at the cathode a membrane of parchment and at the anode a membrane of glycine-collodion. The electrodialysis was completed inside an hour with no detectable rise of temperature in the cell. The liquid in the centre compartment was stirred up and poured off. The precipitate was separated by centrifuging, drained and stirred up with 1 % sodium chloride in which it redissolved slowly and incompletely to an opalescent solution. After standing overnight in contact with the insoluble globulin the solution of euglobulin was dialysed against 1 % sodium chloride and examined in the ultracentrifuge. The pseudoglobulin solution was dialysed against 1 % sodium chloride and similarly examined. The results are shown in Table V , and Fig. 5 b shows the curve of an exposure taken 43 minutes after reaching full speed in the experiment on the euglobulin fraction. The pseudoglobulin fraction differs in no significant details from the original total globulin preparation. The euglobulin preparation, on the other hand, is largely polydisperse, as is shown by the shape of the curves, the large " % diff."
values, and the abnormally large boundary spreading coefficient. Svedberg and Sjogren [1930] and Mutzenbecher [1931] found both the pseudoglobulin and euglobulin of normal horse sera to be polydisperse, the former fraction much less so than the latter. Svedberg and Sjogren did not use differently charged membranes and their electrodialysis lasted for 36 hours. Mutzenbecher used the same technique as that described above but electrodialysed whole serum instead of total globulin. These differences may explain why our pseudoglobulin preparation appears to be more nearly homogeneous than theirs. Alternatively, antidiphtheritic horse serum may be capable of giving a relatively homogeneous pseudoglobulin fraction while normal horse serum is not. We may say at least that the polydisperse nature of euglobulin seems to be fully substantiated. Our experiment also shows that the pseudoglobulin of antidiphtheritic horse serum does not contain any homogeneous fraction of significantly different molecular weight from that of the total globulin.
Exp. 6. Arbitrary globulin fractions from the serum of G.N.
(septic pneumonia). It has been shown in Exp. 8 of a previous paper [1935, 3] that in the untreated state the protein of G.N.'s serum is approximately equally distributed between A, G and X fractions. We employed for this serum a purely arbitrary method of fractionation. 4-24 ml. of serum were diluted with 40 ml. of 1 % sodium chloride, and saturated ammonium sulphate was added with shaking until a substantial precipitate had appeared as judged by the turbidity of the solution. This required 23 ml. of the ammonium sulphate solution. The precipitate was centrifuged off, dialysed and examined in the ultracentrifuge (fraction 1). More saturated ammonium sulphate (4 ml.) was added until another substantial precipitate had appeared and this was also separated and dialysed (fraction 2). Sufficient ammonium sulphate (17.24 ml.) was now added to make half saturation and the remainder of the globulin separated off (fraction 3). From the results of the refractive index measurements we obtain the following values for the proportions of the total refraction increment of the original serum which are due to each fraction. 
The results of the ultracentrifugal examination of these three fractions are shown in Table VI The results are shown in Table VII The total globulin from A.J.'s serum appears to be almost completely free from any A fraction and except for the discrepancy of -19 % between calculated and measured refraction increments it has the characteristics of a homogeneous protein. It is also noteworthy in this experiment that the proportion of globulin fraction obtained by precipitation analysis, viz. 39-3 % is in exact agreement with the proportion obtained by ultracentrifugal analysis of the serum diluted with 4 volumes of 1 % sodium chloride. Fig. 7 b and the results in Table VII show that the globulin precipitate from G.L.E.'s serum is composed of two molecular types corresponding approximately in sedimentation constants to the Y and G fractions of the original serum. Both fractions appear to be homogeneous. TOTAL GLOBULIN G.LE.
C-s Exp. 8. Total albumin and total globulin fractions from the serum of K.M. (malignant disease). In the earlier examination of this serum [1935, 3] we found that four molecular fractions were present and the evidence was in favour of the view that the lightest fraction is an abnormal type and the three heavier fractions correspond to the A, X and G fractions of normal sera. The serum was fractionated by the simplest possible procedure. The total globulin precipitate obtained according to procedure (a) was redissolved, dialysed and examined in the centrifuge. The mother-liquor from this precipitation was dialysed under pressure whereby all the ammonium sulphate was removed and the protein was obtained in concentrated solution. This solution was then examined in the centrifuge.
The results of the ultracentrifugal experiments are shown in Table VIII . The curve of Fig. 8 a is from an exposure taken 100 minutes after reaching full speed in the experiment on the total albumin; that of Fig. 8 b is from an exposure taken 461 minutes after reaching full speed in the experiment on the total globulin. These curves and the results obtained from them demonstrate clearly what has happened to the new molecular type in the processes of fractionation. The new (A1) molecule has remained in solution in close association with the A fraction. The ratio of the concentration of A1 to A molecules in the albumin fraction is however markedly different from their ratio in the original serum. There are several possible explanations of this, but none that can be substantiated in the meantime. X in cm. X in cm. Fig. 8a . Fig. 8b .
The globulin fraction contains slightly more than 20 % of an A fraction.
In this respect it differs from the preceding pathological globulin preparations and resembles the preparations from normal human sera (Exp. 2). Robinson [1930] on the osmotic pressure of the serum proteins we incline to the view that serum albumin at least has a constant molecular weight in high dilutions.
We can say from the results of this work that untreated sera or concentrated mixtures of the serum proteins do not contain a collection of residual valency units which are all of the same particle size. S0rensen does not say whether his co-precipitation systems might be expected to contain under a given set of conditions a small or a large number of different particle sizes. The ultracentrifuge shows that in normal serum there are present three fractions each of which if not completely homogeneous can only be heterogeneous within very narrow limits. We may assume with S0rensen that the serum represents a set of three co-precipitation systems, but we must postulate that specific molecular forces are operative in producing and maintaining only those three sets of loosely bound residual valency units. S0rensen's theory does not explain the nature of these forces.
In one important respect S0rensen's views coincide strikingly with the facts of our experiments. To quote his own words "an interaction must be assumed, for example in serum, between the protein systems mutually as well as between these and other substances present". The equilibrium which we have shown to exist between A and fractions in serum appears to agree with his prediction in all essentials. It must be remarked, however, that this equilibrium phenomenon does not necessarily require that the A and G fractions separately should be reversiblydissociable systems. The phenomenon is equally well explained by the theory that two stable proteins are able to form loose combinations when present in sufficient concentration. Neither point of view offers any explanation of the really unusual fact about this equilibrium, viz. that the protein complex or compound (according to the viewpoint adopted) has lower molecular dimensions than at least one of the disruption systems (or stable proteins) to which it gives rise on dilution.
Whether S0rensen's view that the proteins as a class are reversibly dissociable polypeptide systems is true or not is of great importance in connection with the results of investigations on isolated proteins. On the other hand it has only a small significance for the results of investigations on untreated serum. In the latter case it is frequently only desired to know the nature of the protein fractions as they exist in serum and it is of minor importance whether these fractions represent proteins which may be isolated from the serum or dissociable systems of no fixed composition. In general, however, the prospect of enlarging our knowledge of the protein constitution of serum will be greatly increased if it is possible to separate the proteins in stable form and examine the pure solutions. For this reason we have conducted the preliminary fractionation investigations reported in this paper.
The outstanding feature of these few experiments is the lack of uniformity in the composition of the globulin precipitates obtained by half saturation with ammonium sulphate. Whereas certain sera, e.g. normal human and cow sera, gave rise to globulin precipitates which contained relatively large quantities of albumin, other sera, e.g. normal horse and some pathological human sera, gave rise to globulin fractions which contained only small amounts of albumin. The results of the latter experiments suggest that under certain conditions even a single precipitation with ammonium sulphate is capable of giving rise to satisfactorily homogeneous globulin preparations. The results of the experiments as a whole, however, suggest that we have still to find out what constitute ideal conditions for quantitatively fractionating serum by means of ammonium sulphate.
An experiment with the transport cataphoresis method of fractionation has indicated that there are possibilities inherent in this technique, particularly with regard to the fractionation of human sera. On theoretical grounds the method appears to be an ideal one for the preparation of serum proteins and it is hoped to attempt its application later to the isolation of the new molecular types which have been shown to exist in certain pathological sera.
We have examined the ammonium sulphate fractions from two pathological sera in which the evidence for the existence of new molecular types could be regarded as quite definite. The results indicate that in both cases the new molecular types have retained their individuality after the treatment with ammonium sulphate, a behaviour which does not seem to be shared by the X fraction of normal sera. This fact holds out considerable prospect that they represent stable proteins which like albumin and globulin are capable of being isolated in a comparatively pure state. The only satisfactory proof of this is, of course, actually to isolate them and demonstrate their purity. We anticipate, however, that many methods of fractionation will need to be tried and the results tested at every step by ultracentrifugal analysis before a suitable fractionation technique will be found.
SUMMARY.
Fractions obtained from various sera have been investigated in the ultracentrifuge.
1. The total globulin from a normal cow serum, whether precipitated from concentrated or dilute solution with ammonium sulphate, was found to be markedly heterogeneous due to the presence mainly of albumin.
2. The total globulins precipitated from two normal human sera in dilute solution with ammonium sulphate also contained quantities of albumin.
3. Albumin and globulin fractions were isolated from a human serum which had been dried with ether and alcohol. In spite of repeated precipitations with ammonium sulphate these fractions contained large amounts of polydisperse protein. 4. Albumin and globulin fractions obtained by cataphoresis of a normal human serum were found to be satisfactorily homogeneous.
5. The total globulin from an antidiphtheritic horse serum after one precipitation with ammonium sulphate contained only insignificant amounts of albumin. The pseudoglobulin obtained from this preparation by electrodialysis had approximately the same composition as the total globulin but the euglobulin was at least 50 % polydisperse.
6. In the fractionation of two pathological human sera in dilute solution by means of ammonium sulphate, homogeneous globulin fractions were obtained.
7. Two pathological sera in which the presence of new proteins had previously been demonstrated were fractionated by means of ammonium sulphate. In one case the new protein was found in the albumin fraction and in the other in the globulin fraction.
The general conclusion is drawn that a single precipitation with ammonium sulphate is not a satisfactory method of fractionating sera particularly for purposes of quantitative analysis.
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It will be possible to continue this work at the Lister Institute, London, where an ultracentrifuge now under construction in Upsala will be installed in the near future.
